This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



- 1 - 




Japanese Unexamined Patent Application Publication No, 8- 
106613 

[Title of the Invention] PERPENDICULAR MAGNETIC RECORDING 
THIN-FILM MAGNETIC HEAD 

[Abstract] 

[Purpose] The purpose of the present invention is to 
provide a thin-film magnetic head having high reliability 
and high yield in the process of forming a pole film for a 
perpendicular thin-film magnetic head in which 
miniaturization and weight reduction of the head are 
achieved and the head element height can be minimized. 

[Construction] The above object is achieved as follows: 
forming a pole of a perpendicular magnetic recording thin- 
film magnetic head on a very thin insulating layer formed 
over a core and an embedding insulating layer and then 
coupling the pole with the core through a through-hole 
formed on the core, or forming a pole film on the very thin 
insulating layer formed over the core and the embedding 
insulating layer. 
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[Claims] 

[Claim 1] A perpendicular magnetic recording thin-film 
magnetic head comprising a laminate formed by depositing a 
conductive coil placed in an insulating layer, a magnetic 
core, and a pole magnetic film on a magnetic substrate in 
that order, the magnetic core being magnetically coupled 
with the magnetic substrate at a core connection part, 
wherein the pole magnetic film is formed over the magnetic 
core and a non-magnetic insulating layer on the non -magnetic 
insulating layer including the magnetic core, and is 
magnetically coupled with the magnetic core through the non- 
magnetic insulating layer on the magnetic core or through a 
through-hole formed in the magnetic core. 

[Claim 2] A perpendicular magnetic recording thin -film 
magnetic head comprising a laminate formed by depositing a 
conductive coil placed in an insulating layer and a magnetic 
core on a magnetic substrate in that order, the magnetic 
core being magnetically coupled with the magnetic substrate 
at a core connection part, a pole magnetic film being formed 
on a sectional surface of the magnetic substrate which is 
substantially perpendicular to the magnetic core, and the 
pole magnetic film being formed over a non-magnetic 
insulating layer in which the magnetic substrate and a 
magnetic film for coupling are embedded, wherein it is 
formed over the magnetic core for coupling and non-magnetic 



insulating layer on the non-magnetic insulating layer in 
which the magnetic core is embedded, and is magnetically 
coupled with the magnetic core through the non-magnetic 
insulating layer on the magnetic core or through a through- 
hole formed in the magnetic core. 

[Claim 3] A perpendicular magnetic recording thin-film 
magnetic head comprising a coil /magnetic core structure 
formed by depositing a conductive coil placed in an 
insulating layer and a magnetic core on a magnetic substrate 
or on a magnetic film on a substrate in that order, and a 
pole made of a thin-film, the pole being separately formed 
by depositing and patterning a pole magnetic film on a 
smooth surface below which the magnetic film is placed on a 
recess provided on the non-magnetic insulating layer and 
being bonded to the coil/magnetic core structure, wherein 
the pole magnetic film is formed over the magnetic film 
embedded in the non-magnetic insulating layer and a magnetic 
layer on the non-magnetic insulating layer in which the 
magnetic film is embedded, and has a pole tip at a through- 
hole in the non-magnetic insulating layer. 
[Claim 4] A perpendicular magnetic recording thin-film 
magnetic head comprising a coil/magnetic core structure 
formed by depositing a conductive coil placed in an 
insulating layer and a magnetic core on a magnetic substrate 
or on a magnetic film on a substrate in that order and a 
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pole made of a thin-film, the pole being separately formed 
by depositing and patterning a pole magnetic film on a 
smooth surface below which the non-magnetic insulating layer 
is placed on a recess provided on the magnetic film and 
being bonded to the coil/magnetic core structure, wherein 
the pole magnetic film is formed over a non -magnetic 
insulating film embedded in the magnetic substrate and the 
non-magnetic insulating layer on the magnetic substrate in 
which the non-magnetic insulating film is embedded, and is 
magnetically coupled with the magnetic substrate through the 
non -magnetic insulating layer or through a through-hole 
formed in the magnetic substrate. 

[Claim 5] A perpendicular magnetic recording thin-film 
magnetic head according to Claim 1, 2, or 4 , wherein the 
through-hole formed at the non-magnetic insulating layer on 
the magnetic core forming the pole or formed at the non- 
magnetic insulating layer on the magnetic substrate has a 
taper angle of 30 degrees or less. 

[Claim 6] A perpendicular magnetic recording thin -film 
magnetic head according to Claim 1, 2, 4, or 5 , wherein the 
non-magnetic insulating layer on the magnetic core forming 
the pole has a thickness of 1 |un or less. 
[Claim 7] A perpendicular magnetic recording thin-film 
magnetic head according to Claim 3, wherein the through-hole 
formed at the through-hole formed in the magnetic layer. 
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which is formed on the non-magnetic insulating substrate and 
which forms the pole, has a taper angle of 30 degrees or 
less . 

[Claim 8] A perpendicular magnetic recording thin-film 
magnetic head according to Claim 3 or 7, wherein the 
magnetic layer formed on the non-magnetic insulating layer 
and forming a pole has a thickness of 1 \xm or less. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The present invention 
relates to a thin-film magnetic head for high-density 
magnetic recording and playback, 
[0002] 

[Description of the Related Art] Hitherto, although in- 
plane magnetization has been used in magnetic recording, 
perpendicular magnetic recording in which magnetization is 
perpendicular to a recording medium is rapidly advancing 
while high-density recording has recently been developed. 
[0003] A perpendicular magnetic head is reported in various 
references, for example, THE JOURNAL OF THE INSTITUTE OF 
TELEVISION ENGINEERS OF JAPAN, Vol.39, No. 4 (1985). For the 
purpose of forming a main magnetic pole, a method is 
proposed in which a main magnetic pole chip sandwiching a 
high magnetic permeability film is bonded to a ferrite tip. 
A structure having the main magnetic pole and an auxiliary 
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magnetic pole placed on both sides of a medium and a main 
magnetic pole-energizing method in which access from only 
main magnetic pole is capable are known. Although a 
structure having an auxiliary magnetic pole placed behind 
the medium is suitable for perpendicular magnetic recording 
and playback, the structure is sensitive to external noise 
and has a problem of a complicated structure. In light of 
the above, the main magnetic pole-energizing method has been 
actively studied. 

[0004 J On the other hand, as shown in FIG. 24, a 
perpendicular magnetic recording thin-film magnetic head 
which can be miniaturized and reduced in weight has a 
layered structure formed by depositing a conductive layer 5 
which is surrounded by an insulating layer 4 and forms a 
coil layer, a magnetic core 7, and a main magnetic pole 
magnetic layer 11 in that order, and such a structure is 
disclosed in the Journal of the Japan Society of Mechanical 
Engineers (No. 930-45). As shown in FIG. 25, a thin-film 
magnetic head having a structure formed by depositing the 
magnetic core 7 at the center of the winding of the 
conductive coil 5 and depositing the main magnetic pole 
magnetic layer 11 on a surface substantially perpendicular 
to the magnetic core is proposed, and such a structure is 
disclosed in the Journal of Magnetics of Japan, Vol.15, 
Supplemeent, No.S2 (1991). Double-sided structure of FIG. 



25 has a lower head element height compared with planar 

structure of FIG. 24. 

[0005] 

[Problems to be Solved by the Invention] The thin-film 
magnetic head has excellent miniaturization and weight - 
reduction properties, and the above double-sided structure 
consisting of the magnetic core and the main magnetic pole 
has an excellent head- element height, which may be decreased 
In the pole forming process, when the arrangement of the 
pole and the core is as shown in FIG. 26, it is possible to 
form the pole film on a smooth surface; however, there is a 
problem in that the pole film is damaged during patterning 
of the upper core. In the structure shown in FIG. 27, the 
pole film is formed on the step in the core; hence, the 
thickness and the quality of the film are not reliable. In 
the structure shown in FIG. 28, although the distance 
between the main magnetic pole and the auxiliary magnetic 
pole is large, the film is not formed on the step in the 
core and the pole is not damaged by etching the core, a 
minute step is formed at the boundary between the core and 
an insulating layer due to the quality of the insulating 
layer between the patterned core and an embedding insulating 
layer, due to uneven abrasion of the core and the insulator 
during smoothing, and due to differences in the etching rate 
On the other hand, since the pole film formed on the upper 
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layer has a very small thickness (— 0.3 ^im) , there is a 
problem in that the pole becomes damaged, then reducing 
yield and the reliability. 

[0006] Accordingly, the object of the present invention is 
to provide a thin-film magnetic head having high reliability 
and high yield in the process of forming a pole film for a 
perpendicular thin-film magnetic head in which 
miniaturization and weight reduction of the head are 
achieved and the head element height can be minimized. 
[0007] 

[Means for Solving the Problems] The above object is 
achieved as follows : forming a pole of a perpendicular 
magnetic recording thin-film magnetic head on a very thin 
insulating layer formed over a core and an embedding 
insulating layer and then coupling the pole with the core 
through a through-hole formed on the core, or forming a pole 
film on the very thin insulating layer formed over the core 
and the embedding insulating layer. 
[0008] 

[Operation] A pole film of the perpendicular magnetic 
recording thin-film magnetic head is formed on the very thin 
insulating layer formed over the core and the embedding 
insulating layer and is then coupled with the core through 
the through-hole formed in the core, or the pole film is 
formed on the very thin insulating layer formed over the 



core and the embedding insulating layer; hence, an upper 
insulating or magnetic layer covers the poor film quality of 
the insulating layer located at the boundary between the 
core and an insulator, uneven abrasion of the core and the 
insulator during smoothing, and a step at the boundary 
between the core and the insulating layer, so that a pole 
magnetic film is formed on a smooth surface and thus a 
perpendicular magnetic recording thin-film magnetic head 
having high reliability and high yield is provided* 
[0009] 

[Embodiments] A first embodiment of the present invention 
will be described below with reference to the accompanying 
drawings . 

[0010] FIG. 1 is a plan view showing an example of the 
thin-film magnetic head of the present invention, FIG. 2 is 
a sectional view taken along the line A- A' of FIG- 1, 
wherein reference numeral 1 denotes a magnetic substrate, 
reference numeral 2 denotes a non-magnetic insulating 
substrate, reference numeral 4 denotes a signal coil 
insulating layer, reference numeral 5 denotes a signal coil, 
reference numeral 7 denotes a magnetic core, reference 
numeral 11 denotes a main magnetic pole, reference numeral 8 
denotes a protective layer, and reference numeral 13 denotes 
an auxiliary magnetic pole. 

[0011] In this embodiment, the magnetic substrate 1 is 
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composed of Mn-Zn ferrite. The magnetic core is formed by 
sputtering a Co-Ta-Zr amorphous alloy. The signal coil is 
formed by vapor deposition of Cu, using a Cr junction layer. 
The protective layer is formed by sputtering or vapor 
deposition of forsterite. 

[0012] The production process of the thin-film magnetic 
head of the present invention will be described below with 
reference to FIGS. 3 to 8 . 

[0013] Referring to FIG. 3, the non-magnetic insulating 
layer is formed by sputtering Si0 2 or A1 2 0 3 onto the magnetic 
substrate 1, a coil conductor 5 composed of Cr/Cu/Cr (Cr; 
the junction layer) is formed through a coil insulating 
layer, and then a core connection through-hole 6 is formed. 
[0014] Referring to FIG. 4, the Co-Ta-Zr amorphous alloy is 
deposited by sputtering, and then the deposition is 
patterned to form the magnetic core 7 . 

[0015] Referring to FIG. 5, a non-magnetic insulator such 

as forsterite is deposited by sputtering. 

[0016] Referring to FIG. 6, the deposited non-magnetic 

insulator is planarized by planarization lapping by 

mechanical polishing, or by etch back by ion etching so as 

to leave the non-magnetic insulator on the core. 

[0017] Referring to FIG. 7, the very thin non-magnetic 

insulator which is located on the core is removed. 

[0018] If an angle 6 between the non-magnetic insulating 
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layer and the magnetic core is obtuse in the process, the 
efficiency is improved. 

[0019] Referring to FIG. 8, a magnetic film for a pole is 
formed by sputtering, and then the pole is formed by 
patterning. 

[0020] After SB cutting, forming a chip, and assembling, 
the head is completed. 

[0021] According to the structure and the production 
process described above, the pole of the perpendicular 
magnetic recording thin-film magnetic head is formed over 
the core and the thin insulating layer, which is formed on 
the other embedding insulating layer, and the pole is in 
contact with the core at a through-hole formed on the core;, 
hence, a magnetic film for the pole is formed without being 
affected by the film quality of the insulating layer of the 
boundary between the core and the insulator, by uneven 
abrasion of the core and the insulator during smoothing, nor 
by a step between the core and the insulating layer caused 
by a difference in etching rate; and the perpendicular 
magnetic recording thin -film magnetic head having high 
reliability and a high yield is provided. 

[0022] Although the magnetic core and the pole are layered 
substantially in parallel to the magnetic substrate in the 
description of this embodiment, as shown in FIG. 9 the 
magnetic core and the pole may be layered substantially 
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perpendicular to the magnetic substrate to achieve the same 
result. Furthermore, a magnetic substrate of Mn-Zn ferrite 
described in this embodiment, however, a magnetic layer may 
be formed on a substrate to achieve the same result. When 
the magnetic substrate is composed of Ni-Zn ferrite, forming 
an insulating layer between the substrate and the coil is 
not necessary; hence, simplification of the production 
process is achieved. 

[0023] FIG. 10 is a plan view showing a thin-film magnetic 
head of the second embodiment of the present invention, FIG. 
11 is a sectional view taken along the line B-B f of FIG. 10, 
and FIG. 12 is an enlarged view showing the pole of FIG. 11, 
wherein reference numeral 1 denotes a magnetic substrate, 
reference numeral 2 denotes a non-magnetic insulating 
substrate, reference numeral 4 denotes a signal coil 
insulating layer, reference numeral 5 denotes a signal coil, 
reference numeral 7 denotes a magnetic core, reference 
numeral 11 denotes a main magnetic pole, reference numeral 8 
denotes a protective layer, and reference numeral 13 denotes 
an auxiliary magnetic pole. 

[0024] In this embodiment, the magnetic substrate 1 is 
composed of Mn-Zn ferrite. The magnetic core is formed by 
sputtering a Co-Ta-Zr amorphous alloy. The signal coil is 
formed by vapor deposition of Cu, using a Cr junction layer. 
The protective layer is formed by sputtering or vapor 
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deposition of forsterite. 

[0025] The production process of the thin-film magnetic 
head of the present invention will now be described with 
reference to FIGS. 13 to 21. 

[0026] Referring to FIG. 13, the non-magnetic insulating 
layer is formed by sputtering Si0 2 or A1 2 0 3 onto the magnetic 
substrate 1, a coil conductor 5 composed of Cr/Cu/Cr (Cr; 
the junction layer) is formed through a coil insulating 
layer, and then a core connection through-hole 6 is formed. 
[0027] Referring to FIG. 14, the Co-Ta-Zr amorphous alloy 
is deposited by sputtering to embed the core connection 
through-hole 6 in a magnetic film, the deposition is 
chemically polished, and then a pole connection and the 
auxiliary magnetic pole 13 are formed by etch back by ion 
etching. 

[0028] Referring to FIG. 15, a recess for embedding the 
core is formed on the non-magnetic insulating substrate 2 
with a dicer or by ion etching, and then the Co-Ta-Zr 
amorphous alloy is deposited by sputtering. 
[0029] Referring to FIG. 16, the deposited alloy is 
planarized by mechanical polishing or by etch back by ion 
etching so as to leave the very thin magnetic film on the 
non-magnetic substrate . 

[0030] Referring to FIG. 17, the magnetic film on the non- 
magnetic substrate is removed. 
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[0031] If an angle 0 between the non-magnetic insulating 
substrate and the above magnetic film is obtuse in this 
process, the efficiency is improved. 

[0032] Referring to FIG. 18, a magnetic film for a pole is 
formed by sputtering, and then the pole 11 is formed by 
patterning. 

[0033] Referring to FIG. 19, elements formed on the 
magnetic substrate are cut in a SB state. 

[0034] Referring to FIG. 20, the SB cutting of the pole 
formed on the magnetic substrate is performed, and then a 
pole bonding part is planarized by lapping or the like. 
[0035] Referring to FIG. 21, the element on the magnetic 
substrate and the pole on the non -magnetic insulating 
substrate, which are in the SB state, are bonded so as to be 
magnetically coupled and to cooperate with each other. 
After Gd controlling, the magnetic substrate is thinned to 
an optimum device height by lapping, and the non-magnetic 
substrate is thinned by lapping. After forming a chip and 
assembling, the head is completed. 

[0036] According to the structure and the production 
process described above, the pole of the perpendicular 
magnetic recording thin- film magnetic head is formed over 
the non-magnetic substrate and the very thin magnetic film 
formed on the embedding core, and the tip of the pole is 
formed at the through-hole formed on the non-magnetic 
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substrate; hence, a magnetic film for the pole is formed 
without being affected by the film quality of the magnetic 
film of the boundary between the core and the non -magnetic 
insulating substrate, by uneven abrasion of the core and the 
non-magnetic insulating substrate during smoothing, and by a 
step between the core and the insulating layer caused by a 
difference in etching rate, and the perpendicular magnetic 
recording thin-film magnetic head having high reliability 
and a high yield is provided. 

[0037] Although the pole is perpendicularly formed in the 
center of the winding coil in the above description of the 
embodiment, as shown in FIG. 22 the pole film formed on the 
non-magnetic insulating substrate may be bonded to the cross 
section of the magnetic substrate functioning as the 
magnetic core to achieve the same improvement. Furthermore, 
the magnetic substrate is composed of Mn-Zn ferrite in the 
above description of the embodiment; however, a magnetic 
film may be formed on the substrate to achieve the same 
improvement. When the magnetic substrate is composed of Ni- 
Zn ferrite, forming an insulating layer between the 
substrate and the coil is not necessary; hence, 
simplification of the production process is achieved. 
Although the main magnetic path is the magnetic substrate in 
the descriptions of the first embodiment and the second 
embodiment, the magnetic core functioning as the main 
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magnetic path may be the magnetic film, or the main magnetic 
path may be a magnetic layer extending through the winding 
coil to achieve the same improvement. Further, the magnetic 
layer is embedded in the non-magnetic substrate for 
depositing a magnetic film for the pole in the descriptions 
of the present invention; however, as shown in FIG. 23, the 
magnetic film for the pole may be formed by embedding a non- 
magnetic film in the magnetic substrate to achieve the same 
improvement. Embedding the non-magnetic film in the 
magnetic substrate reduces leakage of magnetic flux at the 
coil and a perpendicular magnetic head having a higher 
efficiency is provided. 
[0038] 

[Advantages] As described above, according to the present 
invention, a pole film of the perpendicular magnetic 
recording thin -film magnetic head is formed on the very thin 
insulating layer formed over the core and the embedding 
insulating layer and is then coupled with the core through 
the through-hole formed in the core, or the pole film is 
formed on the very thin insulating layer formed over the 
core and the embedding insulating layer; hence, an upper 
insulating or magnetic layer covers the poor film quality of 
the insulating layer located at the boundary between the 
core and a insulator, uneven abrasion of the core and the 
insulator at smoothing mode, and a step at the boundary 
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between the core and the insulating layer, so that a pole 
magnetic film is formed on a smooth surface and thus a 
perpendicular magnetic recording thin -film magnetic head 
having high reliability and high yield is provided. 
[Brief Description of the Drawings] 
[FIG. 1] 

FIG. 1 is an example of a thin-film magnetic head 
according to the present invention . 
[FIG. 2] 

FIG. 2 is a sectional view taken along the line A- A' of 
FIG. 1. 
[FIG. 3] 

FIG. 3 is a view showing a production process of an 
example of a thin-film magnetic head according to the 
present invention. 

is a view showing the same production process. 

is a view showing the same production process. 

is a view showing the same production process. 

is a view showing the same production process. 

is a view showing the same production process. 



[FIG. 4] 

FIG. 4 
[FIG. 5] 

FIG. 5 
[FIG. 6] 

FIG. 6 
[FIG. 7] 

FIG. 7 
[FIG. 8] 

FIG. 8 
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[Fig. 9] 

FIG, 9 is a sectional view showing another example 
according to the present invention. 
[FIG. 10] 

FIG. 10 is an example of a thin-film magnetic head 
according to the second embodiment of the present invention. 
[FIG. 11] 

FIG. 11 is a sectional view taken along the line B-B' 
of FIG. 10 
[FIG. 12] 

FIG. 12 is an enlarged view of the pole of FIG. 11. 
[FIG. 13] 

FIG. 13 is a view showing a production process of an 
example of a thin-film magnetic head according to the second 
embodiment of the present invention 
[FIG. 14] 

FIG. 14 is a view showing the same production process. 
[FIG. 15] 

FIG. 15 is a view showing the same production process. 
[FIG. 16] 

FIG. 16 is a view showing the same production process. 
[FIG. 17] 

FIG. 17 is a view showing the same production process. 
[FIG. 18] 

FIG. 18 is a view showing the same production process. 
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[FIG. 19] 

FIG. 19 is a view showing the same production process. 
[FIG. 20] 

FIG. 20 is a view showing the same production process. 
[FIG. 21] 

FIG. 21 is a view showing the same production process. 
[FIG. 22] 

FIG. 22 is a sectional view showing another example of 
the present invention . 
[FIG. 23] 

FIG. 23 is a sectional view showing another example. 
[FIG. 24] 

FIG. 24 is a view showing a conventional perpendicular 
recording thin -film magnetic head. 
[FIG. 25] 

FIG. 25 is a view showing the same recording thin-film 
magnet ic head . 
[FIG. 26] 

FIG. 26 is a view showing the same recording thin-film 
magnetic head. 
[FIG. 27] 

FIG. 27 is a view showing the same recording thin-film 
magnetic head. 
[FIG. 28] 

FIG. 28 is a view showing the same recording thin-film 
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magnetic head. 
[Reference Numerals] 

1: magnetic substrate 

2: non-magnetic substrate 

3: insulating layer 

4 : signal coil insulating layer 

5: signal coil 

6: core connection part 

7 : magnetic core 

8: protective film 

11: main magnetic pole 

13: auxiliary magnetic pole 
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